Intestinal lavage before abdominal surgery or diagnostic X-ray procedures permits the recovery of proteins that are secreted into the gut in a form suitable for bio-immunochemical analyses. Lavage is performed by introducing 5-6 litres of saline (0.9% NaCI) via an intragastric tube into the stomach over a period of 2-4 h. Faecal components excreted with the first 3-4 litres of the lavage fluid are discarded. The residual 1-2 litres of lavage solution recoverable thereafter contain gut proteins that are secreted from the mucus membranes, the bile and the pancreas. Contaminations with bacteria and cellular debris are thereby reduced to a minimum.
In the present paper we report on the composition of proteins present in such intestinal-lavage solutions. Electroimmunoassays led to the detection of a hitherto-undescribed gut-specific protein that exhibited the capacity to bind deoxycholate and cholesterol. We first describe the detection and isolation of this cholesterol-binding protein from lavage fluids. Thereafter we report on the identification of the pancreas as the organ of its synthesis, the purification of the native protein from necrobiotic pancreas tissues, and its biochemical characAbbreviations used: SDS, sodium dodecyl sulphate: Ig, immunoglobulin.
terization. The possibility is raised that the protein may represent a special intestinal 'lipoprotein' that plays a role in intestinal transport and metabolism of cholesterol.
A. Sziegoleit chased from New England Nuclear Corp. Kodak Definix medical films and LKB Ultrafilm were used for autoradiography.. Rabbit antibodies against human serum proteins, and specific antisera against single serum proteins, were purchased from DAKO patts, Copenhagen, Denmark, and Behringwerke, Marburg, Germany. All other chemicals were reagent or analytical grade. Materials
Intestinal lavage fluids. Lavage fluids were obtained with informed consent from patients suffering from intestinal diseases. The last 1-2 litres of opaque, yellowish fluid were centrifuged (Sorvall RC 2-B; GSA rotor; 12000rev./min 20min; 40C) and the supernatant concentrated 50-100-fold by pressure dialysis (Amicon PM 10 membranes). Concentrated lavage fluids from several patients were pooled and used as antigen for immunization of rabbits.
Pancreas tissues. Necrobiotic pancreas tissues were supplied by the Pathological Institute at the University of Giessen. The organs were removed during routine sections and stored at -200 C. Batches of 15-18 organs were employed for each preparation procedure.
Antisera. Antisera were raised in rabbits by using the immunization procedure described by Harboe & Ingild, 1973) . After the second booster injection, rabbits were repeatedly bled by puncture of the marginal ear vein.
Methods
Electroimmunoassay. Rocket-fused rocketcrossed and charge-shift-crossed immunoelectrophoresis were performed in 1% (w/v) agarose gels as described by Axelsen et al. (1973) (1977) and electrophoresed by the Laemmli (1970) procedure were used to monitor the purification procedures and for molecular-weight determination. Calibrations were made with standard proteins from Pharmacia (phosphorylase b, mol.wt. 94000; bovine serum albumin, 67000; ovalbumin, 43000; carbonic anhydrase, 30000; soya-bean trypsin inhibitor, 20100; and lactalbumin, 14 400).
Isoelectric focusing. Polyacrylamide isoelectricfocusing gels were prepared as described by Bhakdi et al. (1980) . Ampholines (1%, pH3.5-10 and pH4-6 from LKB as well as Servalyt pH 2-11) were used. Focusing was carried out at 220 V for 18 h at 40 C. Gels were sectioned into 2 mm slices and eluted for 2h in water. Thereafter the pH was determined and the protein identified by electrophoresis of the gel sections and also of unsectioned gels against specific antiserum. Gels were stained for carbohydrate with Schiff's reagent (Fairbanks et al., 1971) .
Amino acid analysis. Samples were hydrolysed in evacuated sealed tubes with 6 M-HCI at 1 10°C for 24 h.
Protein determination. Protein was determined as described by Lowry et al. (1951) and immunochemically by rocket immunoelectrophoresis (Laurell, 1972) , a standard concentration of specific antiserum and antigen being used.
Thin-layer chromatography. T.l.c. was carried out on pre-coated silica-gel plates (Merck) . Samples (iSpl) were applied under a stream of air and the chromatography was performed in chloroform/ methanol/water (65:25:4, by vol.) as solvent. After drying, plates were sprayed with ethanolic 0.05M-H2SO4 and developed by heating (Rouser et al., 1967) .
Determination of cholesterol. The quantitative determination of cholesterol was performed enzymically by a commercially available test combination purchased from Boehringer Mannheim and by the Liebermann-Burchard procedure (Merck, 1974) .
Immunohistology. The unlabelled antibody enzyme method was used (Sternberger et al., 1970 Isolation of the cholesterol-binding protein from human pancreas tissues. Batches of 15-18 organs from necrobiopsies were macroscopically freed from adjacent and fatty tissues. The organs were placed in 2 litres of 10mM-Tris/HCI, pH6.0, cooled on ice, and homogenized in a commercial Waring Blendor for 5 min. Thereafter the tissue homogenate was centrifuged in a Sorvall RC-3 centrifuge (rotor HG-4) at 7000g for 30min at 0°C. Three layers developed, of which the intermediate layer was opaque. An equal amount of sucrose (w/v) was added to the homogenate and the viscous fluid poured into a separatory funnel. Over a 48h period at room temperature, virtually all lipids floated to form a sharply separated, turbid top layer constituting approx. one-quarter of the total volume. The bulk of cholesterol-binding protein was recovered in the clear lower part and was stored at 40C. Portions (250ml) were dialysed against 6 litres of 10mM-Tris/HCI, pH 6.0, for 2 days with one change of buffer and then applied to a 265 ml column of DEAE-Sepharose Cl-6B (Pharmacia) equilibrated with the same buffer. After application of the material, protein was eluted with I litre of a linear 100-600mM-NaCl gradient in the same Tris/HCI buffer, pH 6.0. The column was eluted at a flow rate of 44 ml/h and fractions (22 ml) were collected. The eluted fractions were analysed by fused-rocket immunoelectrophoresis with the use of specific as well as polyspecific antibodies, and by SDS/polyacrylamide-gel electrophoresis. Fractions containing the cholesterol-binding protein were pooled, concentrated by pressure dialysis to 5-8 ml. and applied to a Sephadex G-75 column. The cholesterol-binding protein isolated by this procedure was analysed by crossed immunoelectrophoresis and SDS/polyacrylamide-gel electrophoresis. An average of 1 mg of protein was obtained per organ. The concentration of the cholesterol-binding protein in wet pancreas tissue was roughly estimated by rocket electrophoresis to be 8-17mg/100g. The recovery after purification was calculated to be in the order of 4-8%.
Results

Immunoelectrophoretic analyses
Crossed immunoelectrophoresis of concentrated intestinal lavage fluids developed with antibodies to human serum proteins yielded a pattern that was fairly consistent among different individuals (Fig. 1) . By using monospecific antisera in intermediate gels, the major immunoprecipitates were identified as secretory IgA, antichymotrypsin, a,-antitrypsin and acid a,-glycoprotein. Transthyretin, the third complement component (C3), IgG and IgM constituted minor components, whereas albumin was absent in most cases.
Since the above experiments permitted only the detection of those components that were antigenically related to serum proteins, further analyses were performed with the use of an antiserum that had been developed against the lavage proteins. In the immunoelectrophoresis shown in Fig. 2 , antibodies to serum proteins were incorporated into a first (intermediate) gel, and antiserum to lavage proteins into the second (upper) gel. Gut-specific proteins not reacting with the former antibodies were thus precipitated and identified in the upper gels. In this manner, three to five gut-specific proteins could be defined (Fig. 2) . The immunoprecipitation pattern of the gut-specific proteins varied among individual donors. Attention was, however, drawn to one protein moiety (arrow), which was present in all lavage fluids tested but which gave rise to immunoprecipitates of non-uniform morphology. At this stage, the possibility was considered that the immunoprecipitate might derive from a proteinligand complex of varying size and/or charge. Fig. 3(a) Fig. 3 . Charge-shift immunoelectrophoresis ofpartially purified lavagefluid against antiserum I and! (Fig. 2) First-dimension electrophoresis was performed in gels containing Triton X-100 (a) and Triton X-100 + deoxycholate (b) for 4 h at 4 V/cm. The arrow points to the gut-specific protein showing a deoxycholate-induced charge shift. When the electrophoresis was run in the presence of Triton X-100 and N-acetyl-NNN-trimethylammonium bromide, results were identical with those in (a). The radioactive smear in the lower part of (b) is an artefact deposit of cholesterol occurring during second-dimension electrophoresis and was not seen in autoradiograms with purified cholesterol-binding protein from human pancreas. Antiserum I and II are as described in Fig. 2 Fig. 4(a) . Only the immunoprecipitates corresponding to apo-A-and apo-B-containing serum lipoproteins caused a blackening of the film. When a parallel experiment was performed with lavage proteins, one
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immunoprecipitate selectively caused blackening of the film, and this corresponded to the above described enteral protein which exhibited the charge shift in deoxycholate. (Fig. 4b) A. Sziegoleit
Isolation of the cholesterol-binding protein from intestinal lavagefluids A typical chromatographic separation of lavage fluid proteins over Sephadex G-75 is depicted in Fig.  5(a) . The eluting positions of the proteins were determined by fused-rocket immunoelectrophoresis developed with antibodies to human serum proteins (I) and to total lavage fluids (II). Fig. 5(b) depicts a rocket immunoelectrophoresis of the same fractions developed with a specific antiserum to the cholesterol-binding protein. The coalescence of the rocket immunoprecipitates demonstrates the antigenic identity of the protein moieties that eluted as two. peaks (arrows, Fig. 5a ) on the column. Thus the protein exists in two molecular forms that differ in size from one another. Cholesterol determinations revealed that the sterol eluted as a peak in the same fractions as the first protein peak. By contrast, the rear protein peak was virtually lipid-free (see the Table in the legend to Fig. 5 ). These latter fractions were pooled and subjected to preparative agarose-gel electrophoresis. Gel sections containing the protein were eluted and the proteins re-chromatographed to a Sephadex G-75 column. This step -yielded the cholesterol-binding protein in immunologically pure form, as determined by crossed immunoelectrophoresis (Fig. 6) The cholesterol-binding protein was isolated from necrobiotic pancreas tissues by using the procedure detailed under 'Methods'. The considerable difficulties were initially encountered in our endeavours to remove the bulk of tissue debris and lipids. Empirically, it was found that solubilization of tissue homogenates with Triton X-100, followed by lipid flotation at g in sucrose led to effective delipidation of the proteins, which could then be fractionated by ion-exchange chromatography. Fig. 7 depicts the result of such a chromatography; the cholesterol-binding protein was detected with the use of the specific antiserum and SDS/polyacrylamidegel electrophoresis performed in parallel. A single subsequent chromatography over Sephadex G-75 led to recovery of the protein in satisfactorily purified form.
Biochemical characterization of the cholesterolbinding protein
The molecular radius of the protein was determined to be 2.3 nm by gel filtration. The sedimentation coefficient (s2O,w) was 2.8 S as determined by Vol. 207 analytical centrifugation. A partial specific volume of 0.72 was calculated from the amino acid composition, and from these values a mol.wt. of 27000-28000 was calculated. This was in close agreement with mol.wt. 28000 determined by SDS/polyacrylamide-gel electrophoresis.
The amino acid composition of the cholesterolbinding protein is given in Table 1 . The isoelectric point as determined by isoelectric focusing was pH4.9.
Quantitative deoxycholate binding studies were performed by chromatographing the purified protein over a Sephacryl S-200 column equilibrated with radioactive detergent. These experiments indicated that binding of deoxycholate occurred only above the critical micelle concentration of the detergent; when deoxycholate was present in submicellar concentrations (1.25 mM), no elevation of radioactivity over the baseline value was observed in the protein-containing fractions. In this system, the protein eluted at a position corresponding to a 20000-30000-mol.wt. protein. When the deoxycholate concentration was raised above the micellar concentration (10mM), radioactivity was elevated above the baseline value, indicating co-elution of bound detergent with the protein, and the eluting position of the protein-detergent complex shifted to a region corresponding to that of a 30000-40000-mol.wt. protein. The amount of protein-bound detergent was determined by correlating the increase of radioactivity with the protein concentration in the corresponding fractions and was calculated to be approx. 24 molecules of deoxycholate per molecule of cholesterol-binding protein (Fig. 8) .
Discussion
The immunochemical analyses of intestinal lavage fluids showed that relatively few serum proteins were excreted via the intestine. Regularly, a high content of secretory IgA, a ,-antitrypsin and antichymotrypsin were found, whereas albumin was generally absent or present only in minor quantities. As expected, only traces of IgG and IgM were detectable (Tomasi & Grey, 1972) . Somewhat surprisingly, the first complement component and serum lipoproteins, reportedly synthesized in the mucosa of the gut (Colten et al., 1968; Osborne & Brewer, 1977) , were never found, whereas complement component C3 apparently represents a normal minor constituent of the lavage fluids. At present, it is not possible to correlate the various immunoelectrophoresis patterns obtained with any defined gastrointestinal diseases.
With the availability of antisera against lavagefluid proteins, gut-specific proteins were discovered in addition to the serum-related proteins. One of these proteins attracted attention by its ability to bind deoxycholate, as indicated by charge-shift crossed immunoelectrophoresis.
Autoradiographical analyses of ligand binding in crossed immunoelectrophoresis subsequently showed that cholesterol and cholesteryl esters also bound to the protein, whereas progesterone and triacylglycerols 1982 580 Cholesterol-binding protein from human pancreas did not. These preliminary studies indicate that the binding capacity of the cholesterol-binding protein seems to be restricted to steroids, and that the side chain at C-17 or the substituent at C-3 may influence the protein-steroid interaction.
In the lavage fluids, the cholesterol-binding protein appeared to be present in two different molecular forms. On gel chromatography, high-molecular-weight material co-eluted with cholesterol, phospholipids and many other proteins, whereas lipid-free protein was recovered in low-molecularweight fractions. We succeeded only in the purification of the low-molecular-weight protein. The procedure was cumbersome and yields varied greatly, depending on the distribution of the protein in the chromatography fractions. Attempts to purify the protein from high-molecular-weight fractions uniformly failed. In particular, attempts to initially delipidate the protein were unsuccessful. For example, adsorption of the protein-lipid complex to DEAE-Sepharose followed by extensive washings with 0.5% Triton X-100, by analogy to the delipidation of membrane proteins (Simons et al., 1973) , the treatment with chloroform/methanol (Lux et al., 1972) Although exocrine pancreatic proteins have been extensively studied, the cholesterol-binding protein described here has apparently not been detected previously. Methods employed in previous investigations included electrophoresis of unfractionated pancreatic secretions on cellulose acetate (Robinson et al., 1970) , analysis of pancreatic proteins by polyacrylamide disc electrophoresis (Keller & Allan, 1966; Allan et al., 1970) , immunoprecipitation (Clemente et al., 1972) , and, more recently, twodimensional separations by isoelectric focusing linked to SDS/polyacrylamide-gel electrophoresis (Scheele et al., 1981) . The cited studies have led to a description of 19 defined exocrine pancreatic proteins. Of these, the biochemical properties of trypsin and chymotrypsin are most closely related to those of the cholesterol-binding protein. Therefore we tested whether the isolated protein was capable of cleaving synthetic substrates of these classical proteinases. Neither tosyl-L-arginine methyl ester nor N-benzoyl-L-tyrosine ethyl ester was cleaved, excluding a similarity between the protein and these proteinases.
The cholesterol-binding protein appears to represent a very minor component of pancreatic secretions. There have been reports of cholesterol-binding proteins in the liver (Ritter & Dempsey, 1973; Bloj & Zilversmit, 1977; Erickson et al., 1978) and adrenals (Lefevre et al., 1978) , but as yet there is no knowledge of a cholesterol-binding protein in the enteric secretions, although the existence of such a protein has been suspected (Gangl & Ockner, 1975) . In the proximal bowel, dietary cholesterol is mixed with cholesterol secreted with the bile and forms mixed micelles with phospholipids and bile acids. During the intestinal passage approx. 98% of the bile acids are resorbed, whereas resorption of cholesterol is in the order of 50%. This results in a decrease in the bile acids/cholesterol molar ratio to about 1 in the faeces (Dietschy & Wilson, 1970; Angelin, 1977) , which is incompatible with a micellar solubilization of cholesterol (Dam & Hegardt, 1971; LaRusso et al., 1975 
